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Figure 1: Frames of three time-lapse videos. From left to right: virtual reconstruction of a Viking building using virtual light sources; virtual
reconstruction using image-based lighting; physical reconstruction of a similar building.
Abstract
While the concept of photorealism has important applications in
computer graphics, the research community has not agreed on a
definition of photorealism that specifies how to measure it. We em-
ployed two different test procedures, which correspond to different
use scenarios, in order to determine the photorealism of a virtual re-
construction of a historic Viking building using two different light-
ing techniques. Even in this limited case, the measured degree of
photorealism appears to depend on both the test procedure as well
as the tested imagery; therefore, we conclude that there is no single
measure of photorealism that is appropriate in all situations. In-
stead, photorealism appears to be a multifaceted phenomenon that
requires different measurement procedures for different use scenar-
ios.
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1 Introduction
Photorealism is an important goal in many applications of computer
graphics, e.g., computer-generated visual effects in movies and TV
productions or advertisements in print media. An image is usually
defined to be photorealistic if it is perceptually indistinguishable
from a photograph of a scene [Rademacher et al. 2001], but such
a definition does not specify how to measure photorealism. For
example, this definition neither specifies whether a reference pho-
tograph has to be provided for comparison nor how much time is
available for inspection — to name just two unknowns of a po-
tential test procedure. Thus, many different procedures have been
suggested [Meyer et al. 1986; Rademacher et al. 2001; Longhurst
et al. 2003; McNamara 2005; Sundstedt et al. 2005; Meseth et al.
2006; Kozlowski and Kautz 2007; Sundstedt et al. 2007; Glencross
et al. 2008; Ward and Glencross 2009; Stich et al. 2011; Fan et al.
2012; Kryven and Cowan 2013] with few attempts to compare the
results of different procedures [Longhurst et al. 2003; Kozlowski
and Kautz 2007; Sundstedt et al. 2007]. To our knowledge, no
systematic comparison of different tests including photographs has
been published.
In this work, we present two experiments involving human test
participants to measure photorealism: one test procedure lacked a
reference while the other test procedure required test participants
to compare the computer-generated imagery to photographed im-
agery. The two procedures correspond to two use scenarios, namely
computer-generated imagery in a movie that doesn’t resemble any-
thing in the filmed footage and computer-generated imagery that
resembles filmed objects such that a direct comparison is possible.
Due to this difference, we assumed that the two test procedures
would always result in different measurements.
The computer-generated imagery in our experiments were virtual
reconstructions (using two different lighting techniques) of a his-
toric Viking building that were compared to a time-lapse video of a
physical reconstruction of a similar Viking building. As expected,
the experiments showed very different results for the two test proce-
dures; however, this was only true for one of the employed lighting
techniques while the results of the two test procedures were very
similar for the other lighting technique. This suggests that the two
test procedures result in fundamentally different measurements. We
conclude that a single test procedure for photorealism is very un-
likely to appropriately cover all use scenarios; instead, different test
procedures have to be employed depending on the specific applica-
tion.
2 Previous Work
In the last ten years visual perception has received increasing atten-
tion in the computer graphics community as demonstrated by the
ACM Symposium on Applied Perception, the ACM Transactions
on Applied Perception, Eurographics state of the art reports [OSul-
livan et al. 2004; Bartz et al. 2008], SIGGRAPH courses [McNa-
mara et al. 2011], and the publication of books on the topic [Thomp-
son et al. 2011; Cunningham and Wallraven 2011], to name just a
few examples.
One recurring issue is the measurement of photorealism of
computer-generated imagery. It is widely accepted that an image
should be considered photorealistic if it is perceptually indistin-
guishable from a photograph of a scene [Rademacher et al. 2001].
This concept suggests that photorealistic computer-generated im-
agery should be compared with photographs by human test sub-
jects. In particular, automatic methods to identify photorealistic
renderings have to be validated with tests that employ human test
subjects.
However, not all studies that use human test subjects to evaluate
the degree of photorealism also include photographs [Sundstedt
et al. 2005; Sundstedt et al. 2007; Kozlowski and Kautz 2007].
Rademacher et al. [2001] have shown that human test subjects can
be strongly influenced in their perception of photorealism by certain
visual cues; therefore, the results of tests with and without compar-
isons to photographs are likely to be significantly different, and it is
unclear in how far the results are comparable.
Longhurst et al. [2003] compared a real scene with a photograph
and a rendering. The results showed that human test subjects can
easily identify the real scene. This is not surprising since the test
setup did not take the changing optical accommodation of the test
subjects’ eyes into account. Meyer et al. [1986] avoided this prob-
lem by using a projection onto Fresnel lenses using view cameras,
which strongly decreased the brightness and sharpness of the pro-
jected images. Supposedly, this has contributed to the result that
test subjects were not able not determine which of the dark and
blurry images was real and which was computer-generated.
McNamara [2005] suggested evaluating photorealism by matching
lightness in renderings and photos to a real scene. While this is an
interesting approach, it is unlikely to be a sufficient test of photo-
realism since other visual features of an image could prevent the
impression of photorealism.
Rendering images that are perceptually indistinguishable from pho-
tographs is notoriously difficult. In some studies, the bar is lowered
by limiting the time for inspection of the images, e.g. to 3 seconds
[Glencross et al. 2008; Ward and Glencross 2009] or even 150 mil-
liseconds [Kryven and Cowan 2013].
One common observation in tests of photorealism with compar-
isons to photographs is the strong dependency on the specific scenes
[Meseth et al. 2006; Ward and Glencross 2009; Stich et al. 2011];
i.e., it is often observed that a rendering technique produces photo-
realistic results for some scenes but fails to produce photorealistic
results in other cases.
This indicates that tests of photorealism without a comparison to
photographs, e.g. Sundstedt et al. [2007] and Kozlowski and Kautz
[2007], are problematic. On the other hand, comparisons of differ-
ent measures of photorealism appear to be limited to tests without
photographs — with the exception of Longhurst et al. [2003], which
is limited in other ways as discussed above.
Therefore, this work attempts to provide a comparison of different
measures of photorealism in tests that include photographs.
3 Experiments and Results
Figure 1 presents frames of the three videos that were used in the
experiments. The two computer-generated virtual reconstructions
of a historic Viking building were composited onto a photographed
time-lapse video. One of the renderings employed virtual light
sources while the other one employed image-based lighting using
a recorded environment map. For comparison, another time-lapse
video of a physical reconstruction of a similar Viking building was
recorded.
In the first experiment, 60 test participants watched (in random
order) the video of the physical reconstruction and a computer-
generated video — 30 participants watched the one rendered with
virtual light sources and the other 30 the one using image-based
lighting. All test participants were first-year university students.
The following manuscript was used to ask them whether they be-
lieved that they had seen a photographed or a computer-generated
video:
Welcome and thank you for participating. If you would
please take a seat in front of the computer, then we will
begin. On the screen in front of you, you will be shown
some small videos and it is then up to you to tell if the
video is real or if a 3D object has been placed in the
video. You will be shown two random videos, out of sev-
eral different ones, where some are more realistic than
others. When you have cast your vote the next video will
be shown.
Test participants were allowed to watch each video as often as they
wished. Figure 2 shows the percentages of test participants answer-
ing that the computer-generated video was “real.” For the physical
reconstruction, 78% of the test participants answered correctly that
it was “real.”
Figure 2: Percentages of 30 test participants answering that the
computer-generated rendering was “real” in the tests without com-
parison.
Figure 3: Percentages of 30 test participants answering that the
computer-generated rendering was the “real” one in the tests with a
comparison to a photographed video.
In the second experiment, the same 60 test participants were asked
with the following manuscript which of the two videos they had
watched was photographed:
Now you have seen two videos, one of them contained a
3D house and one contained a real house, can you tell
me which video contained the real house?
Test participants were again given the opportunity to watch the
videos arbitrarily often before they answered the question. Fig-
ure 3 shows the percentages of test participants answering that the
computer-generated house was real.
4 Discussion and Conclusion
We used a one-tailed Fisher’s exact test with a 5% significance level
for the statistical analysis [Agresti 1992].
If considered isolated, the results for the rendering with virtual
light sources confirmed our assumption that it would be signifi-
cantly (p = 0.026) easier for test participants to correctly identify
computer-generated imagery in the second test procedure. How-
ever, we were surprised that both test procedures resulted in the
same outcome for the rendering with image-based lighting.
If the results for both rendering methods are taken into account,
there is no significant difference between the two test procedures
(p = 0.11). We assume that this difference fails to be significant
because of the small number of test participants. If this assumption
is correct, then the experiments suggest that there is not only a dif-
ference between the results of the two test procedures but that this
difference also depends strongly on the specific imagery. Therefore,
we conclude that it is impossible to predict the outcome of one of
the test procedures from the outcome of the other one. Since the test
procedures correspond to different use scenarios, this means that it
is unlikely that any single test procedure can measure photorealism
for all use scenarios.
If there is no single measurement procedure, one might wonder
whether photorealism is actually a useful scientific concept. We
believe that it is provided that it is understood as a multifaceted
phenomenon that requires different measurement procedures in dif-
ferent situations — similarly to other scientific phenomena, e.g.,
electromagnetic radiation in its many forms (radio waves, visible
light, X-rays, etc.).
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